In 110 primary hepatic neoplasms in the dog, 15 carcinoids were diagnosed. Diffuse involvement of all liver lobes with severe hemorrhage and necrosis was seen in all cases. The neoplasms had three distinct histologic patterns: solid nests; cords or ribbons; and an alveolar pattern with rosettes. In all three groups there was fibrovascular stroma that was hyalinized, mineralized, and thick in some places. The neoplastic cells were relatively uniform, polygonal to spindle-shaped, with eosinophilic, granular cytoplasm and vesiculated nuclei. Mitotic activity varied among the three groups. Argyrophilia was seen in all specimens stained with modified Grimelius stain. Metastasis occurred in 14 of 15 dogs (93.3%); the peritoneal wall and adjoining lymph nodes were the most common sites.
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Materials and Methods
The I10 primary hepatic neoplasms found in 12,245 canine necropsies were studied as described (301. Of these neoplasms. I5 were diagnosed by histologic and histochemical criteria as carcinoids.
Formalin-fixed tissues were processed routinely, and sections 4 to 6 p n thick were stained with hematoxylin and eosin (HE). mucicarmine. periodic acid-Schiff (PAS). and Congo red. Six specimens. two from each of the three histologic groups. were stained with modified Grimelius stain (Pathology Laboratory. Memorial Sloan-Kettering Cancer Center. New York) [201.
Results
For age, sex and breed distribution see table I. The ages and sexes of 14 of the 15 dogs were available: 10 dogs were under 10 years old, three between 4 and 5, and seven between 6 and 10 years old; four dogs were older than 10 years. There was no sex or breed predilection.
Clinical signs were recorded for 12 of the 15 dogs. Seven dogs had anorexia, six ascites, five weight loss, five polydypsia and polyuria, four jaundice, and four diarrhea. Melena and hematbchezia, hematuria and seizures also were seen. Hepatomegaly was not seen clinically in any of the dogs with carcinoid, and none of the clinical signs were specific for carcinoids.
Laboratory findings are shown in table 11, and include high white blood cell counts in nine of ten dogs, low red blood cell counts in four of seven, low hemoglobin values in four of seven, and marked increases in serum alkaline phosphatase in seven of eight, alanine amino transferase in seven of eight, aspartate amino transferase in five of eight, lactic dehydrogenase in four of eight, and total bilirubin in four of eight.
Grossly, all liver lobes were involved in all 15 dogs. The lesions in 10 livers were diffuse, with small, coalescing nodules occupying most of the liver. The livers were firm and fibrosed, and gray or tan to brown; a few turned yellowish-brown to deep brown on fixation in formalin. Large areas of hemorrhage, necrosis and calcification were seen on cross sections.
The remaining five livers had lesions with large. mostly well-circumscribed nodules of various sizes which replaced parts of the liver. The nodules were grayish-white and had central depressions and necrosis. All were firm except for one that was soft and friable. The livers were either of normal size. or only moderately enlarged.
In all dogs except one there was infiltration of adjoining mesentery and lymph nodes; in five. the pancreas was firm and smaller than normal, but there were no WBCj (X103/pl) Histology showed three patterns of carcinoid similar to types A, B and C in man [22] , and characterized by solid nests; cords or ribbons; and rosettes, respectively. In some tumors more than one pattern was seen in sections of the primary neoplasm and metastatic sites; the predominant histologic features were used for classification.
6-I4
Group A: Six of the 15 neoplasms were characterized by solid groups or nests of cells separated by fibrovascular stroma and a layer of spindle-shaped, basal cells lying perpendicular to the periphery of each group ( fig. 1, 2 ). Some cell nests had central necrosis and others had cyst-like spaces that contained either cell debris, proteinaceous material, or blood. A few showed a low, papillary glandular arrangement of neoplastic cells close to the central space. The basal layer contained hyperchromatic spindle cells, most with condensed nuclei and eosinophilic cytoplasm. The rest of the cells were large and polygonal, with ample granular, eosinophilic cytoplasm. The nuclei were large and vesiculated with one or more nucleoli. There was active mitosis, with eight to ten mitotic figures per high power field. In some areas the basal cells were not apparent. The neoplastic cells were compressed into irregular cords in other areas because of severe stromal reaction. Rosettes were seen occasionally. Necrosis and desmoplasia in the adjoining hepatic tissue were less severe in this group than in the other groups. Varied histologic patterns were found in the metastatic lesions in one dog; in the others, the patterns were similar to those of the primary lesion.
Group B: Two neoplasms were characterized by cords or loops of cells separated by vascular stroma (fig. 3 ). Some areas contained large sheets of cells loosely arranged or forming rosettes, and some had basal layers of cells. The cells were large to medium and polygonal, with moderate cellular pleomorphism, ample distinct eosinophilic cytoplasm, and condensed hyperchromatic nuclei. Some areas had vesiculated nuclei with prominent nucleoli. Four to five mitotic cells per high power field were seen. There were severe necrosis, edema, and desmoplasia in the neoplastic and adjoining hepatic tissue.
Group C: In seven of the 15 neoplasms, groups of cells formed multiple rosettes separated by thin, vascular stroma ( fig. 4) . The cells in all tumors except one were of medium size, less pleomorphic than the cells of the other groups, and mostly columnar, and formed rosettes. Proteinaceous material or blood was seen in some of the rosettes; others were empty. The cells had a moderate amount of eosinophilic cytoplasm, and vesiculated nuclei with prominent nucleoli. One tumor had large, eosinophilic cells that looked more anaplastic than the cells of the other tumors. Mitotic figures were rare (0 to 2 per high power field). There were areas of stromal hyalinization where the neoplastic cells were compressed to form rows or cords. Severe diffuse edema, hemorrhage, necrosis, and desmoplasia completely replaced the hepatic tissue.
All neoplasms in Group A had grossly diffuse lesions that involved large segments of the liver. In groups B and C, half the lesions were nodular and the other half diffuse. In all groups, severe, diffuse necrosis, hemorrhage, and fibrosis with areas of calcification were found in the neoplastic tissue as well as in adjoining liver parenchyma, making the liver grossly firm.
Diffuse, intrahepatic spread of the neoplasm through both lymphatics and veins was seen in 14 of the 15 dogs, manifested most frequently by peritoneal carcinomatosis (13 of 14) and metastasis to the adjoining lymph nodes (14 of 14) . Metastasis was found in all histologic groups, to the lungs in four dogs, to the spleen, pancreas and adrenal glands in two dogs each, and to the heart, kidney and pituitary gland in one dog each. There were no notable differences regarding metastasis among the three groups.
Mucin was not demonstrable in any of the tumors. PAS-stained secretions were seen in the center of the acini or rosettes, and the cytoplasm occasionally took up the stain. Six specimens were stained with Congo red, and no amyloid was found in any of these. Six specimens, two from each of the three histologic groups, were stained with modified Grimelius stain, and all showed dark, intracytoplasmic granules ( fig.   1-4) . The concentration of the granules varied among tumors and in different areas of the same neoplasm.
Two of the dogs had additional tumors, one a sebaceous gland adenoma and the other a leiomyoma in the colon.
Discussion
Since hepatic carcinoids are rare in man, and carcinoids, including hepatic carcinoids, are rarely reported in animals [ 1-3,7, 1 I , 13, 19, 21,471, it is difficult to explain the high frequency of hepatic carcinoids in the dogs of this series. The gross, histologic and histochemical features indicate clearly that these neoplasms are carcinoids. Most occurred in dogs under 10 years old; most were characterized by grossly diffuse lesions, and were tan or brownish. These neoplasms had three distinct histologic patterns: solid nests; cords or ribbons; and an alveolar pattern with rosettes. They contained relatively uniform, polygonal to spindle-shaped cells, often with vesiculated nuclei, eosinophilic granular cytoplasm, a distinct cell border, and argyrophilia. The stroma was fibrovascular, and in areas was dense, sclerohyalinized and focally mineralized. Edema, hemorrhagic necrosis and hyalinization were found in the adjoining liver.
The biochemical findings contributed supportive evidence [30]. Since this report was compiled, we have diagnosed six more cases of hepatic carcinoid in dogs, leading us to believe that carcinoids in animals, especially the dog, are not as uncommon as reports would indicate. The fact that veterinary pathologists do not always recognize carcinoids in animals, and the lack of thorough histologic studies involving large series of hepatic neoplasms in dogs, may account for the rarity of reports of these neoplasms.
The two primary hepatic neoplasms with which carcinoids can be confused are hepatocellular carcinoma and, more likely, cholangiocarcinorna. But the contrasting gross and histologic features of these three neoplasms [ 1 1, 16, 3 1-33 ] were helpful to us in making our diagnoses. The gross appearance of some of the carcinoids was similar to that described in man [ 1 I].
In man and dogs, the liver is the most common site of carcinoid metastasis, especially when the carcinoid arises from the gastrointestinal tract or pancreas [27] . It is difficult to distinguish metastatic carcinoid in the liver arising from the pancreas from primary liver carcinoid, but none of the dogs in this study had pancreatic neoplasms.
In the three primary hepatic carcinoids reported in man, and in other cases, extrahepatic metastases have been recorded once [2, 3,7, 1 I]. Five of 13 biliary tract carcinoids had metastases [3, 121. The rate of metastasis varies in carcinoids of other sites, but is generally low [43] . Fourteen of the 15 tumors we report had extrahepatic metastases, indicating a late stage of the disease or a high malignancy. The frequency of metastasis was higher than that of the epithelial tumors of the liver in this study Carcinoids, especially those of the gastrointestinal tract, have been classified histologically as types A, B, C and D [39] or the comparables types I, 11, 111 and IV [25] . We found that the histologic features of the carcinoids of this study coincided with the patterns described by these classification systems [25, 39] . Dogs are potential models for the study of hepatic carcinoids, given the high frequency in dogs compared with that in man, and the similarity in histologic and histochemical features.
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